We present detailed P-wave velocity models of subducting seamounts from two wide-angle seismic experiments across the Erimo Seamount and Daiichi-Kashima Seamount, northern and southern ends of the Japan Trench. Common characteristics of the velocity models of the seamounts are that the maximum crustal thicknesses of the seamounts are 12-17 km thicker than a typical oceanic crust and that P n velocities beneath the seamounts are approximately 7.7 km/s, i.e., slower then those of the neighboring area. These features are very similar to the crustal models for the seamounts produced by the Cretaceous off-ridge volcanism on the Pacific Basin.
Introduction
The subducted seamount in seismogenic zones plays a crucial role in the earthquake rupture process. For example, Kodaira et al. (2002) showed a clear image of a subducting seamount beneath the Nankai Trough that worked as a barrier of the rupture of the 1946 Nankai Earthquake. Alternatively, Husen et al. (2002) interpreted a subducted seamount as an asperity whose rupture caused the 1990 Gulf of Nicoya earthquake (M w 7.0) in Costa Rica. Active seismicity between the upper and lower seismic planes of the double seismic zone in the subducting plate is supposed to be related to the subducted seamount in the southern part of Tohoku district, Japan (Suganomata et al., 2006) . Therefore, detailed seismic structure of a subducting seamount provides significant information of earthquake occurrences.
The Pacific plate is moving towards the west-northwest (WNW) at a rate of approximately 8 cm/year east of the Japan arc and is subducting at the Japan Trench where seamount subduction is considered to occur around its north and south ends (Fig. 1) . The Erimo Seamount (ERS) is positioned at the northern tip of the Japan Trench. The shallowest water depth of ERS is approximately 3,700 m and the difference in elevation from the ambient seafloor is approximately 4,200 m. The Takuyo-Daiichi Seamount and Ryofu-Daini Seamount are distributed around this region on the Pacific plate. In the southern end of the trench, the Daiichi-Kashima Seamount (DKS), one of the Joban Seamount Chain, is split into two bodies with a vertical offset of more than 1 km, subducting off Choshi. The summit depth is approximately 3,500 m and the relative elevation is Copy right c The Society of Geomagnetism and Earth, Planetary and Space Sciences (SGEPSS); The Seismological Society of Japan; The Volcanological Society of Japan; The Geodetic Society of Japan; The Japanese Society for Planetary Sciences; TERRAPUB.
3,000-4,000 m. Many seamounts exist on the Pacific plate and will sequentially subduct following DKS. Both the ERS and DKS have been dated at 100-120 Ma (Takigami et al., 1989) and are considered to be produced by Cretaceous offridge volcanism.
We conducted seismic reflection and wide-angle seismic experiments to elucidate precise crust and uppermost mantle P-wave velocity structure of the subducting seamounts and to provide information on the physical properties of possible seismic asperities and barriers at the seismogenic zone.
Data Acquisition and Modeling
Two seismic surveys were carried out in the fall of 2006: (1) the profile ERr1, traverses ERS at the junction of the Kurile Trench and Japan Trench (Fig. 1) ; (2) the profile DKr1 cuts across the DKS at the southern end of the Japan Trench. The profile lengths are 150 km for ERr1 and 160 km for DKr1, respectively. We used a non-tuned array of four airguns with a total volume of 6000 inch 3 (98 l) as a controlled seismic source for the wide-angle seismic survey. The airgun array provided by S/V Shoyo was fired approximately every 200 m. We deployed 30 ocean bottom seismographs (OBS) with a 5-km receiver spacing for each line. Every OBS instrument is equipped with a threecomponent 4.5-Hz geophone and a hydrophone. However, the hydrophone sensor was dismounted for stations with water depths >6,500 m due to its pressure limit.
The outputs from each sensor were continuously recorded on a hard disc at a sampling rate of 200 Hz with a resolution of 24 bits. Shot and OBS locations were obtained from the ship's GPS navigation system, and each OBS was relocated using the direct water wave arrivals it recorded (Oshida et al., 2008) . We also acquired multi-channel (240 channels with 3,460-m long streamer) seismic (MCS) reflection data for same profile where the airgun array with a capacity of 3,000 inch 3 (49 l) was shot at a 50-m distance. The procedures adopted for data processing and velocity analysis in this study are the same as those of Nishizawa et al. (2007) and Kasahara et al. (2007) . Initially, the top-most sediment structure is modeled using MCS data. P-wave velocity models are then constructed by a tomographic inversion (tomo2d: Korenaga et al., 2000) and forward modeling using a two-dimensional raytracing algorithm (Fujie et al., 2000; Kubota et al., 2005) . In addition to the travel time data, we also modeled the amplitude data by calculating two-dimensional (2-D) synthetic seismograms using a finite difference method, E3D (Larsen and Schultz, 1995) .
Results

Erimo Seamount
Figure 2(a) shows the P-wave velocity model for profile ERr1. In the first tomographic inversion, we used only clear first-arrival time data as the velocity model deeper than 15 km was not well resolved in the checkerboard test result. We then conducted forward modeling using P m P and faint P n arrivals at far offsets to estimate the deeper region. The final model was examined by tomographic inversion again, and the root-mean-square (RMS) misfit between the observed and calculated first arrivals for the model was 28 ms. The misfits in the forward modeling also using P m P and vague arrivals were at a maximum of 0.2 s (e.g., Fig. 3 ).
An example of the travel time fitting is shown in the top of Fig. 3(a) for OBS09. The recorded section shows different apparent velocities of refraction arrivals from the upper crust (P c ) between the NW and SE sides of OBS09. The thickness of material with V p < 4 km/s approaches approx- Fig. 4 . Comparison of observed record section (top) and synthetic seismogram (bottom) for OBS09, profile ERr1. The calculated travel time curves for refraction arrivals from the sediment (P s ), crust (P c ) and uppermost mantle (P n ), and reflection arrivals from the top of the plate boundary (P b ) and from Moho of the subducting plate (P m P) are superimposed on the observed record section. The reflections from the plate boundary (P b ) in the NW side and P m P in the SE side in the observed data are well reproduced in the synthetics.
imately 9 km in the SE area. In contrast, the V p > 4 km/s materials are ascending to approximately 5 km below the seafloor in the NW region. Amplitudes of the first arrivals with NW offsets of more than 20 km are very small and disappear. The recorded sections of OBS01-10 show the same feature, which suggests low-Q or low-velocity materials exist in the area at 20-40 km from the NW end and deeper than 6 km (dashed ellipse in Fig. 2 ). For example, synthetic seismograms calculated for the velocity model with a constant Q crust cannot explain the observed record section (Fig. 4) . The thickness of the ERS crust was derived from clear P m P arrivals within an error of 0.2 s by forward modeling (Fig. 3) . The maximum thickness is approximately 12 km and thicker than that of the oceanic crust of 7 km to the east (Fig. 2) . The region with a rather thick lower crust and low P n velocity of 7.6-7.8 km/s shown by a horizontal dashed line in Fig. 2 (a) extends unevenly landward from the peak of the ERS, which provides some evidence that there might have been another seamount subducted in the past.
Daiichi-Kashima Seamount
The P-wave velocity model for profile DKr1 is presented in Fig. 2(b) . The model within approximately 5 km below the seafloor was derived from the tomographic inversion using clear first arrivals. We estimated the deeper structures by forward modeling with reflection and distant refraction signals. Figure 5 shows the calculated travel times on the observed recorded sections and ray diagrams for OBS014 and OBS019. The Moho reflections from the subducting plate are clearly identified. The fitting of P n and P m P between the observed and calculated travel times can constrain lateral variation in Moho depths and P n velocities. The final inversion using first arrival data at far offsets resulted in an RMS misfit of 35 ms, and the misfits in the forward modeling, including P m P data, were within 0.2 s.
The maximum crustal thickness of DKS is approximately 17 km beneath the region where the seamount splits between east and west. The DKS crust is significantly thicker than the ambient oceanic crust and P n velocity beneath DKS is lower, 7.7 km/s. A small swell exists on the plate boundary at a distance of 30-40 km from the NW end, and its crust is rather thicker in this region. Although the travel time differences due to the presence or absence of the swell is comparable to the travel time fitting error of 0.1 s in the forward modeling, the swell model reveals a better fit than the model without swell. Similarly, a swell at the line distance of 170 km is preferable. While the first swell is at the plate boundary, the 170-km swell is on the Pacific plate.
First arrivals at the NW offsets >20 km in the OBS014 recorded section are invisible in Fig. 5(a) . Several OBS records also suggest that an attenuation zone exists in a dashed ellipse area beneath the landward slope (Fig. 2(b) ).
Discussion
We obtained the P velocity models related to Erimo and Daiichi-Kashima Seamount subduction at both ends of the Japan Trench. The common characteristics between these are thicker crusts and lower P n velocities under the seamounts relative to those of the ambient regions. The maximum crustal thicknesses of ERS and DKS are 12 and 17 km, respectively, and the widths of the thicker crusts are 50-60 km. Features of a subducted seamount similar to those obtained in our study were revealed beneath the landward slope of the Nankai Trough by Kodaira et al. (2002) . The dimension of the buried seamount at a 10-km depth was estimated to be 13 km thick by 50 km wide, which is comparable to our results. A low P n velocity of 7.5 km/s has also been detected under the subducted seamount (Kodaira et al., 2002) , suggesting that the low V p is due to serpentinized mantle associated with the past plume activity.
Numerous seamounts formed by active volcanism during the Cretaceous are distributed on the western Pacific Basin. Extensive surveys have recently been conducted to elucidate the fine velocity structures of typical oceanic crusts and seamounts (e.g. Kaneda et al., 2007a, b) . P-wave velocity models obtained for several seamounts in the MarcusWake Seamount Group showed that most seamounts have a thicker crust >8 km, higher V p =∼ 7.2 km/s at the bottom of the lower crusts, and slower P n < 7.8 km/s, with few exceptions (Kaneda et al., 2007a, b) . Although the lower crustal velocities were not well determined due to a lack of ray coverage in our ERS and DKS models, the thicker crusts and lower P n velocities beneath ERS and DKS compared to a typical oceanic model show similar characteristics to the Cretaceous seamounts on the Pacific plate.
The thick crust and low P n region extends disproportionately landward from the peak of ERS, which indicates that a previously subducted seamount exists northwestward of ERS, as suggested by Yamazaki and Okamura (1989) . On the other hand, Mochizuki et al. (2008) found a subducted seamount on the plate boundary beneath the landward slope off Choshi by OBS observations near profile DKr1. Their seamount location corresponds to the small swell imaged at distances 30-40 km in Fig. 2(b) . Mochizuki et al. (2008) interpreted the data to indicate that the seamount had subducted before DKS subduction and that it is located at the edge of the 1982 event (M 7.0) rupture zone. They also suggested that the interplate coupling was weak over the seamount based on the results of the observed seismicity and rupture propagation of the 1982 event.
In addition to the seamount structures, we detected a backstop structure where updip limit of the seismogenic zone along the subducting plate boundary coincides to the higher velocity of island arc crust beneath the landward slope to the west of the DKS (Figs. 1, 2) . Such a relationship is not clear at the ERS region because of low seismicity. However, Obara et al. (2004) detected low-frequency events occurring on the plate boundary as a dynamic process of the tectonic erosion by the subducted seamount.
Information on the positions and nature of asperities on a plate boundary is essential to understanding subduction earthquakes. It is very crucial to have detailed knowledge on the velocity structures of subducting seamounts since the seamount is one of the possible candidates of a barrier and/or asperity of large earthquakes. Our aim was to construct structural models that will contribute to the estimation of frictional parameters along a fault plane and to available input data for large earthquake simulations.
